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(57)Abstract 

PURPOSE: To alleviate a limit of a responding speed, to reduce an 
ON resistance and to improve a current driving capacity by 
optimizing an electric field distribution in a MOSFET to enhance its 
withstand voltage, and shortening a distance between a source and 
a drain to be miniaturized. 

CONSTITUTION: The thickness of a gate insulating film 14 of a 
MOSFET is gradually reduced in an impurity concentration in the 
order of channel regions 13 (131, 132, 133, 134) sequentially existing 
from the region 131 toward the region 13 at a source side. That is, 
an electric field distribution is so optimized that the distribution of 
the thickness of the film 14 and the distribution of the impurity 
concentration of the region 13 are controlled to make an electric 
field in the MOSFET uniform. Thus, reliability of the film 14 at a 
drain side is obtained, a threshold value voltage is reduced, and its 
electric withstand voltage can be improved. Since a distance 
between the source and the drain is shortened to be miniaturized, a 
switching speed is improved by reducing the thickness of the film 14 
as an average, its ON resistance is reduced, and a current driving 
capacity can easily be improved. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAAcdaG5ZDA4041 541 71 ... 2006/07/1 2 



<i9)B#n#nf/? (j p) 02) 45 ft <k $ (B2) (nmm&n 

^2744126-^ 

(45)HffB ^10^(1998)4^280 (24)g»B ^10^(1998) 2 H 6 B 



(51)Inta. 6 
H 0 1 L 29/78 



F I 

H01L 29/78 



3 0 1G 
3 0 1H 



MJm<Dfk6& 6 H) 



(21) ffiSS# 

(22) fflKB 

(65)&W## 
(43)&WB 



#BT2 - 280201 

¥f£ 2 (1990) 10^178 

#W¥4- 154171 
¥*4^(1992)5^27B 
¥J$8*F(1996) 5 A23B 



(nmffmm 999999999 

(74)«SIA #3± »E ftf (fl-3£) 



(56)#5£S3R #B BS53— 101986 (JP, A) 



(54) \3m<r>&m *mmm 

i 

(57) [$#fHiJjc©?SB] 

cw^jsi] sg 1 ^s>©¥*$#si£©^M©-gBi;:sg 

OiStAJ-E-tl^n^fSStl, c:©v— x • ku-oibi 

2©ro^©«(cJP<^:-3TfeO. £©JKAfc&«SHfc:j|fc: 
§y- K*&BagT©^n^*l©5 1 ^*;i'®®©^Mfti& 
BttSWcSfcO, ^JPdW^SR^wy-h^KTw 
?lr*^««*«KffO»«r>«»©y- F*fe»IBIT©^+- 



2 

©BlJStt. V-X • 



3 

© y * Mtt«E#f » L < fc * <fc 3 

$ nt H S C t <i:T«>¥^#:^g. 
±fBS«OgSO-gi5tC^fig$nfcm 2 *tt£(<Z)7ti<K 

±EV-X««iB«©±E»«±KliB 1 OMS«y- h 

teiMts^L/TKWsn&y- h«s©ft 1 

±E H l"f >««iS«©±ES«±C±EJB 1 ©&JP<fc 

n. ±ey- hiioff i ©»»itaa!i(:»K* ftfc 
y-h«n©ft2©gi$#£, 

±Ey-hms©ft i©8B#©TgBic&fiu siw 
timsmmzms-zm, 1 ©^^nsnst. 

©^M^SScfc 0 <£< ±E*«©^M^»fi<t 0 HMD 
ft 2 ©*tttt««£*-r*»2 ©^**;l<*«4: 

±EV-XW*ia#©-kE*«±E:SS i ©imjp©y- h 

lewKs^bTttwsnfcy- hm«©se i ©gB#<h. 

±Ey- bm@©ft 1 ©g&#J: 0 fit H 0-f >««»cifin 
ffi«H±E*«±»c±E* l ©JKJ9J: 0 fc*#?ftft 2 © 

©ft i ©»»tta89i:»«snfcy- MM©ft 2 © 

±Ey- hfli@©ft 2 ©3$# «fc 13 fit H i>-f >«*Kljfit» 
ffcgfC-hESK-hK-kEft 2 ©M^cfc 0 fe*#7ftft 3 © 

R»©y-h«««sfl-LTRttsft. ±sy- hit 

©ft 2 ©a^£*«Wfir«ttSft&y- h«H©ft 3 © 

±Ey- h«a©ft 3 ©as# «fc 0 « f u-r ymmzm^ 

teSir±ESS±Jc JiEft 3 ©JUS «k 0 fc*£&ft 4 © 

©ft 3 ©aj»t«»fl«iic««snfcy- b «©ft 4 © 

±Ey-h««O*l©BB»03T*fcffi«b, ftl©^F 

tMMft**?-«ft 1 ©^**;hw*£. 

±Ey-h«*OJB2©»»©T*»=fi«U. ±Eftl 
©^FMtlSSJ; 0 *>«V»I6 2 ©**fi&jg«£#-r-5ft 2 



(2) #ff- 2 7 4 4 1 2 6 

4 

±Ey-h««©S8 3 0»»©T»k:fi«b. ±Eft2 

©^m^ssj; o t><s^ft 3 0>7M*a&£*-r«s 3 

©y**JUM«E<h. 

±E^- h«iffll4©»»«5"F8i:tttL. ±Eft3 
©y^*;i/ffi&<h 

ft 4 O?MttXft;PMSS«0?MttiME «fc 0 fc its < $ 

MOS FET «&y-HtMIh7>yX^) ©*jg 
(t£*©t£ffi) 

fi£5|5©MOS FETfit. #J*. fcfft 4 EtC^T cfc V tC, PI 

r©v— x • HH'>ra©yv^;p®«43±jcy 

— h*6«K44*^-bTy-h««45*»»ritSn. ±EV 
- Xli4 1 * <fc h* 1/ -f >®«42 tc*t Jit: L T V -7. *@ 
46*3<fctf >*®47^3>^i7 h C©*1 

y-h«6»«44©J?$*^— 3ft*. 48« 

y-Mft»«44©JSSB*t)t»#©»^»»- ( H 
W U-f > • y- hmSP-1) Tft y- h*fi»im44 

iS«) iWHIBSftT^fc. Sfc, y-M6igfeM44S:^0 

j»<-r*cit>j«-c*>ftv»©T?, y-^^;i/®«43c«*-r 
(« h b <fc o t. r z warn) 

±ELfecfc^tcSE*©MOS FETfit. mT&&ffl{tl>k 
0. BfiEftLfctlT*!^. y-h*6^)M*^0»< 

4tf ttft««*«&OfiatB»lil**|S|±*-fr*Ci:ji*jKL 

*?gB^tt, ±EWHjSc**»-r'<<>ftanfc'boT?, 

^OlWtt, MOS FET|*j©«i!i»*S«]8fl:bTi«WJE 
Sdi:d<BliglC3ftD, MOS FET©jS§5ia©$iiK^igfP 

[fg^©«lfi£] 
(MS * JW»-r -5 fc 46 © 
5<7 *?6BJtt, *lW«fflO*»fr*«©aiB<0-ffilcSB 



5 

2 mmm © ^w.m&mmfr e> & s y - x m^*. j; # k i/ 
■i >««*^n^nMsn, c©y-x • h*H>w 

M&Ltsnfzmmy- hmm^^ b ^ >>*x*£wr£ 

fiiJicrsioT, Sfctt. y-x- FV'-f >W©#ifea&K:*t 
M^©^^jgS«5^tcg&o\ ®l/¥;Wia>g|5#©y 

^fc«^cD^^ap» (hw > • y- h«aw> ©y 

- h3£»JK£Sfc/iK^3£#lc^©iST©y j r*;l'M 
*O^W«lJB«5fei*5bT^*OT. BP'S. y-h*6# 

*S!lffl|-rSi«i:(C«fcoT, MOS FET|*!©S#/^— ftf 
69iffOl6l±**8T5 C ttflUttEfc*. 

y-x- KW'f >wiEiii*fiiBLT«aifl: 

TSCirt^JflBK&O. ¥«3£LT©y- hi&i^«©tt 

So 

n^n©?* *jH&&©HfitttEE#&£# l- < £-5 
^—tt^^n^tisjgftr s z. iiWosmizttz. 

•5. 

^1111 IB 1 *J6W£fiS£¥»#«« <fi9J¥JIH* 
©^®©-gBtcfg2jS«M (*0tj-ef4N!D co^FM^Jtfe 

^'tuo^^n. c©y-x • kw >ffl<D9-**)\sm®. 
n, ±s3y-x««iia* «t «kk >i@.m2\zfti&L 

t^S. '©*§•&, JifBMOS FETOy- h^#)^14(DM» 
tt, y-XffliJ*^ >fiUtC|6]oT^< it) 2 8 

(*0ijT«4g) ©»lMRK:J3<fcoT*J0, £©18IJP 



(3) #£F-2 7 4 4 1 2 6 

6 

&BTF©y * *;HHtt«fc 0 fe^lf «»&#tffi <6oT^ 

-a. bp*>, y-x{Bd©^^^;i/M^i3iA^e, Kwrxa 

(13i. 13 2 > 13 3 > 13 4 ) (DMT'^FMyimg. (Pj, P2> 
P 3 > P4> fcoTI^S (Pi>P 2 >P 3 >P4) o 

^CtC, ±KLfc«fc-5fcy-h*««14©«JP**4Rfc: 
^^nfcN^^^^MOS FET©JgJ&#i£©— Wc^><^ 
0 (a) 7bm (n) £#H Life:** efBMiMcUil^-f 

10 -5„ 

I2@ (a) lZm-r&o\Z. PIy'Ja>lS 
10lC*fUT950 t CcD02#H^, c t J -r© H mt\Z <£ 9:£ 
*K200A©JBl©y-hl6«Bl (Si0 2 ) l\*Mf&? 
So 

wz. sg2@ (b) \z^?£oiz. -i*>mxmz£. 

K>&fa±m\ZPm^m<tov>-1jr> mz.iiXn>-(*> 
B + ) £&ALfc&. 950 < C©N 2 f?HS,4>-T ! 30#©7'n- 

iKfC. %2i (c) (C^-TJ:f»tC, 7*M7f^ 

S. cif, 2312:7;* hl/v'X NT'liS. 

X\Z, ^2i (d) tC^f J:5tC 950"C©0 2 f?B^, 
^ T'© H 7 -f mt \Z «fc D ±IBP □ gB22tC 200 A ©?g 2 y 
— h*6«fcl» (Si0 2 ) 24£#j£T*. C©P$, |BlR#tC, AQ 
ejg 1 ?- MftlMH21tt300AlCriEfi-r*. 

^CtC, I2@ (e) l^fJ;p(c. 7* M7f>^ 
ttCJ:OM8a«2y— MftW)t24©— »*WPU, d© 

50 -So 26«7^- hl/v'X 

^tc, I2@ (f) \z^-Ti:o\z, OSO-CWO^H^ 
^T©F^-r^k»CJ:O±f2KPa525tC150A©^3y 
-h^i»^ (Si0 2 ) 27£^j£-r&. -©»#. |B|B#{r. m 
tam 2 y- Mfe»M24te250A, mgB» 1 y- h^i»^2 
l«350AlCf£fi-r-5. 

$2i (g) fC^-r<t5fC« 7*H7f>^ 
S(Ccfcl3Hiif2^3y-K^»m27©-gP&§gPb, C© 
BB P gB28C-f * >a ASIC J: 0 # D jj- >B + *a At 
S„ 29«7s}- F-l^v'X hTa&.5„ 

40 $2i (h) (C^-Tofc^lC. 900 < C©0 2 #H^, 

*T*©F^-f^bJCj;D±SB^PgB28(C100A©m4y 
(Si0 2 ) 30£ffiJ{£-T5o W«ffc, ffl 

IBS 3 y- h ^#^2 7tt200 A . %2f—Y *6©M24tt3 
00A» SflIBmiy-h^ift^21«400A{CfiEfi-rs. 

^fC. B2i (i) tc^-rJ:5ic, cvd 
S) ffi (C J; 0 S^^S IC# U -> U n >K3 1 * 2000 A ©J? 

SKitstrs. 

i2i (j) ft^T<fc5JC. 7*hX 7 f>^ 

&\z j; 0 HtdB* u > u 3 >^3i ^/i^-zi > y uxy- 

50 h«@G<£^-T-5o £©«. C©y-hmffiG«:VX 



7 

C*lKJ;D, j|S4y-M8»K30, 13^- F*&liJBl2 
7. Sg2y-F*fc»ffll24, Sgiy-F*g«K21©IHT4 

IC. Sg4y-Fif&ig:Bl3(h Sg3y-Fggi^:JBl27, S2y 

(Pi, P2- P3. P4> #Jiifctt<&ofc^**;MWK (13 
1, 13 2 , 13 3 . 13 4 ) &.0\Z12.Z>. Z<b\Z. £ 

*-(•:*- >a s + ) saxts. 

ifctc> i2i (k) \Z7nT^v\Z. 900 < C©0 2 f?ffl» 
F 5^ K-fblCt 0StR±O^BS*a^ «fc o C200 
A©Jsfii»lK (Si0 2 ) 32*«M*U HWMCflHBttASftfc 

^l2*^fiX-r-5. 

ifetc. ^20 (l) i;§t<fc5l:, cvDttKiioas 
^HIC»pg^»JK (Si0 2 ) l5*0.5/*mOJPSIC**L 
950 , C©N2t?ffl^t«tiTl05>©7r:— ;l/«lS*ff 

■5. 

m2m (m) fcjjVT.fciK:. 7* Myf>^ 

;l/33*^-T-5. 

120 (n) fc5S-f<fc'5K:, Sffi^ffilc&JRE 
ttK (MX.OA1) Zlum(Dm2\zMmLtzmzy*b 

CttCiO. ±g3>^j? F#— ;P332:jlbTS3iay- 
XS«lli5i^HK >««cl2tcn>^i7 FT&y-X 

Ms&cfctfFbf >snD£jgs£b. 4oo-ct->>^ 

±fBbfc e fc?&J§ l§5liit«J©M0S FETtCj;*lfc£, y— 

«*i34©T«*»**«'b*6bT«r>*. w6. y- 
f 1 4 (Dmm ©fr^u & <t xs-j- \ * jvmm i 3 1 ~ 1 3 4 © 

*&<tom8t<Dft1ti&fflW?ZZ.ii\Z&?T. MOS FET(*J 

©«##*$— ft-r-sj: 5 iznftftft&mmifrrz z.t& 
se-dt, fu-t > • y- Ywm&<F>mj%-w&3iw& 0 

t>»S9. Fi/-f>»^oi»tt*ffi*s±ai*i:. 
F + ^U 7K«fc*y- FlfeEU&l4©&&#ig9Si<fc 

0, *^o««Ht*»iaj±-r*. y-x- yv^> 
na©/i>5r»ff;W>j±b. Fb-f >«uuci2#>e>y-x£i 

^ll'vW^gJf ©/t^XJb-l^ttSrBfrtr. y— X • F 
K>WBi (y-Ffi) *I«gbtaMt5ut)55 
Clefts. Sfe, y-F»»JSl4©JKJP©sp^ffl*ifi; 

arr*©-?, y-Fao©««£ffii(ite**t[6]±L, x-r 

nzvztfrz, &*m£Q : bm?mm$:J:<m\zm<E> 
u %^®ftmm*:*im\zft±2ii:z>z\£tfi>imizt£ 



(4) #fF- 2 7 4 4 1 2 6 

8 

t£*>\z. mi3&mm&E.wzmi3L2>y-b!i&®muT<D 
*n?n<n ^ \ *)im>$ 1 3 1 ~ 1 3 4 © hmeaib b 

•5. 

^3 011 SI 2 Kb 
-T > • y-X^)«IXoJ^McDMOS FETg&£^bT*!tb 
Sgl5liS0y©MOS FETgB<hi£^T, f— F*fe»Ml4' © 

ffilJPte. y-x • HK^omcjSiStsi^ 
/0 e>— *©v- x • fH >««SDfflij*5«fcy:fl&^oy— x 

• FbO«SSD' fii|lC-?-n-?ni6]oT^'^:< 

- MfeilTfflft^^IWgji^ii^^oy- F 

^•5. BD-£. y-X- Klz-OffiOt^SO^V^H 
*£13i#>6— #©y— X • FH >M«16fiiJ©^-v^>'l' 
®^13 4 *^:«ffi^©y — X • HK>®«16' (BJ©^ 

^ v*;^«i3 4 ' ic[6]^T)is*?¥ffiT'5>5 i ^^;^«e (1 

3i, 13 2 . 13 3 . 13 4 ) ©fll. 43cfctf, (13i, 13 2 ' . 1 

3 3 ' . i3 4 ' ) om-e^n-enoyfit&vsmm?^ (P2. p 

2 ' ) . (P3. P3' ) . (P4^ P 4 ' ) 1fi#.mzfc<f3.-D 
(Pi>P 2 AP 2 ' >P3AP 3 ' >P 4 AP 4 ' ) . &*5, 

m3suc*i^T. g' tty-F«a-es.o. mim^h 

H-«»lCttra-«F^*«-bTt»*. 
J:Kb/fcJ;5&m2!!ffi0iJ©MOS FETC«ttl«. Fb 

±.mht^o\z^m<D^mwmm\z^n\i. mos f 
©y-F*ei»M©<tsi4©?s^<hEgfit®ffi©<a^. «^ 
-r >^«^?.y-x^^©^2.s©A->5 1 x;i—^ 

0. ^^ibT©y-F^i»^©K/9©<g;MlCckoTX 

m 1 H«*^?3©m 1 *SE0*JIC^SMOS FET«r*-r»fB 
0. ^2g (a) (n) ti^l^^WMOS FET©J^ 

0iJfC#SMOS FET^^-r»T®0> ffi 4 El ft* ©MOS F 
ET*^-T»fffi0T*-5. 

10 #ig#aM£. 11 V-X«*. 12 Fb-f> 

mm. 13. i3i~i3 4 , 131 ' ~n 4 ' ^^z-jim®. 

14. 14' y-hm&m, 15 mr$&mm. g, 

c y-hmm. s y-x«a. d fw 

50 >@ffi. SD. SD' y— X • FW>tI. 16, 16' 



(5) 



&Vf- 2 7 4 4 1 2 



[^111 




It 



— ■ ] — . ■ ■ — | w — — 11 



— 10 




13; 132 133 13 * 
~13 




3313213M32 1371 ; 
^3 



(a) 



-TO 



(f) 



im2 m) 



-10 



I I I I i t 



3*1 



(b) 



(9) 




[ZZ 



2j* ,B ^F 



-10 



ZZZ223 
:-Z1 



(c) " 



'TO 



(h) 



AO 



321 



(d) 



(i) 



^0 



-10 



(e) ~ 



As* 



-40 



TO 



;H0 



13) 13i 13b 13* 

~* ' 



(k) 




11 



15 G 




